METABOLISM  AND  NUTRITION
copper tubing, through which water is circulated, are situated on
the inner walls of the chamber; thus the heat given out by the
animal is absorbed. The temperature of the water as it enters
and leaves the chamber is recorded by thermometers.
The rise in temperature of the water in degrees centigrade,
during the period of observation, multiplied by the total volume
of water in kilograms which has passed through the chamber
in that time, gives in Calories the heat given off by the animal.
A few calorimeters of this type have been constructed for
metabolic experiments on man, but their great expense pre-
cludes their general use. Indirect calorimetric methods are
therefore employed almost entirely in metabolism studies upon
the human subject.
Indirect calorlmetiy. When carbohydrate undergoes com-
bustion in the body the carbon is oxidized to carbon dioxide
(CO3) and the hydrogen to water (H-O). Thus:
C6H12O6 + 602 - 6C02 + 6H20
glucose                       carbon        water
dioxide
The body, therefore, reverses the reaction carried out by the
green plant which, as already stated, synthesizes carbohydrate
from carbon dioxide and water. In the complete oxidation of
a given weight of carbohydrate, whether in air or in the tissues
of the body, the quantity of oxygen used and of carbon dioxide
produced have definite and constant values. It is also known
that for every 1000 cc. of oxygen consumed when carbohydrate
is the material oxidized, 5.047 Calories of heat are evolved. That
is to say, there is a constant relationship between the volume
of oxygen consumed and the quantity of heat evolved. It is
evident, therefore, that the heat production of an animal sub-
sisting upon carbohydrate food could be determined, provided
that the quantity of oxygen consumed by the animal were
known. The relationship between the oxygen consumption
and the heat production varies, however, with the type of food
undergoing combustion. Carbohydrate material as compared
with fat is relatively rich in oxygen. Thus,